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(54) WINDING DEVICE AND MOTOR USING WINDING PRODUCED BY THE DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a motor with a slotless core, in 
which a flat press-forming coil formed by using a division-type winding 
mandrel and a restriction press, is employed. 

SOLUTION: Concerning a winding device for making a winding of a motor, 



steps include: (1) a mandrel is divided; (2) the opening angle of the 
mandrel is set to be not less than 120 degrees; and (3) a guide which 
restricts a wrdthwise elongation in a flat-forming process is provided. 
Concerning an insulation film and the shape of a core, steps include: (1) 
the insulating film is formed through electrodeposition or vacuum 
deposition; (2) the core has a center cylindrical part and end cylindrical 
parts; and (3) the core has a center cylindrical part and core parts with 
reduced diameters. 
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10 S5ti-7> Fu;n (fCmMUfcmmcf^-y' 1 4'CiS@ 

fcvtmx. ^mtim±(Dfci^(fcr-y'i A am^r^- 
y'^hi^"?) xiRmm-r^o "to^i^mmr^f^-y'i 4 

d?>. 7^:^?F^(D6Dic7:)^-^4®:0Si^^t-S) ia^CD2®l 
5. IBT^So CCD2S15. 1 6 {3:>FtM'Cflt^$ 

m^^(Dn\si±^m^M(^w-^f(fCfj:-Dxi>^o:>x. 

'^Xnmx^y'\^:^y :t-^>i^-r^m^. r^-y'lA-fy^ 
20 _bT^cfi[g-rScfc^CC. -rUt^-^. 2M15. 16«± 
T ^ c m J'cC S J: ^ J c ^ U X -7 :t - 5 > S o 
[0 0 6 4 } 7"-r7*l 4T?iS@^rS»ti^3:^37&:>e). g 
+ 2d^c:^j:^„ 4 (Dipi fir UifiTH- 2 d^ca-:5# 

j:mx(Dm^(o{±±ib^ 0 :P:^t?^TPeM-r s o 

[0 0 6 50 ^- ^ :. 

[S|{(2] - . ^-v.■. : . 

e < B 1 

30 

(g-t-2d) /'2<sl< (g+2d) 
[0 0 6 6 ] ±^(D&<g r^-y'lA^m 
X. r^-y'l 4^±-fy^(bW^^xr-yi 4f)mm(tC^ 

^f^|5CCT*-:7' 1 4 7t>^:^^7i>^S<=i:^tc. 4CDi|iiJi 

[0 0 6 7 ] JiS^O (&+2d)/2<gl<(&H-2 
d) ^IiIU/c^?fSgtC«^iK7&iM3?»Kcieg$ 
tirc^r. f--:7'i|li:j&VJ\$Ui<b7=--:/l 4-C@^L.rCi 

50 (D^^^Oifi-C. -f— ( g + 2 d ) <D8 0%mSi(tC 



41 



(10) 



17 



[0 06 8 ] T*-7*(3r)s$ f 1 m~m^m^]^3. m 
:h^mi 2 hf'-y' 1 4^mmT ^fcisbitc. miSi<Dmm 

[0 06 9 ] 

[ifc3] 

f < f 1 

[0 07 0] ;j^tc. -r> F U>»1^ 1 7&^6^i^^$6^BX^„ 10 

[0 0 7 1 ] ^««fm (^/dti. ^:7-ux:7^ 

*ffo]® i ^Saia-f*- y' 1 4 r(DiS@^f^^<Dl^CD5=— v'* 30 

[0 07 2] mPM-( K >^U>;X^(D^<D*i*tJ:<7 KCD 

— m^6. ^7K:7f^-ro mm:^>(h'tu. ^>Kuii. 

1 7 ^S^C^g$IJ:^W^ FtCOliri$i?^^-r^o ^6. 0 7 

F(DI|y/-r F. 2 0&i4>^— :fir(DS^M^-r FCDM;^-/ 
F. 2 U^^i$lJ:^V FcO.-i<>^. 2 2 ^jJO^OifhSP-C 

[0 07 3] mm:^^ h-cmf&^tifcm^2 scommh 
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(^/ctJ^^^U) (D^i*,^Sd C7!)5 0. 0 5m 
m&^Ts 0. 0 7 5mmJyTv 0. 1 mm«T. 0. 2 

[0 074] 
[!K4] 

(1) dcSO, OSmmcOJ©'^ 
e<h<e+5 • dc 

(2) 0. 05inin<dc^0. 076niinO«^ 
e-h 2 • dc<h<e + 7 • dc 

(3) 0. 0 7 5 <dc^0. ImmO^^ 
e + 4 - dc<h<e+l 0 • dc 

(4) 0. lmm<dc<0. 2mmCD€'^ 
e+6 •dc<h<e+15 -de 

[0 07 5] F 1 9 . 2 0 r?f^^$ tl/cDflff^t^ 

'^(Dmc^mo:>^i^m:^y'\y:^oxi>mmtf^h'i 

9, 2 Otc^-^r^^J^nAjri^J:^^:. mtf-(Yl9. 

2 0 (D—y^(,ct^^^^^^itmr^^ ^mK^j^^^2 5 f)mf& 

^nri^^. S7CC*>lirW0iA^SP2 5{i|g;^'>r F2 
0CD:6'Cc^t:f6tiri^-So 04K:^TJ:^:^cC3+acD^i^ 

<7:)J#^««Ta5?&^4*-:>^^)^ci6CC-eo^0iA«^^^2 5 
4 ;^RFfjil.S-C^ 0.^6 (Omm:^' F 3 ta^i^fficDSi 
*IJ:^>r FCD*?(1-C^«3 . S6tC^25a. 25b. 25 
c. 2 5 d<Dnnx^m^tl^mK>j2^^^^2 5^^^^^ ^ 
0 iAJ^g{5 2' 5.CciiT-^^iR*ft Ur:7*ux-r'5>C<h^C<:fc-:> 

^^SP^^ifiJ:/ U X tc J: ^^:a^cD^i:?&i/j: cfc ^ U T 
[007 6] ^UOiA^a52 5C0ilii^S«. yv<D<:i: ^tC# 

[0 07 7] ^m^y'\y:^'r^m^. ^m<D^^{'xmm 

-So >f Fr(D>''UXCCj:-3t:^j^iii$3&5!^tCJ^c-2> 
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19 

mm2 6 cmfaz e a<Dfi[g3!r»6#iei2 6 b (DffigtC. 

^'^■r^iJS-T-^PZS^i^S (b/2) OR(D«L^ 10 

8 ^fitTSTr^l^gt-c^ (b/2) fci^^motcc ^dcrj:^ 
T-SCC^^, ^OjA^^ROitit* (b/2) /c^:ft*ik:>^CC>:c 

'r^<D'C^l^^\^(D^mmtOX{t (b/4) (,crj::i>t^ 

[0 07 8]. 

(b/4 ) < f 2.^ (b/2 ) ^ * 
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[0 07 9] ;x^c^:7'u>;xficcotiT:iftaj-r6o 

:^-a5(7:>:7*^X-Ct^lt:^-r K 1 9 . 2 0 CDj^SPr^^cr) 
F 1 9. 2 0(Drj:i.^i)m'Vy'U^T^i^^mi^^$>^o ? 
tii^j:c>yte6tc, a6A^bCD^0iA^§B2 BCDipif 2/c&:f . 

m^^^w-y ^ - z>^zi^)]ymtmmy'iy:^<omw 

m(Drj:l^W-y*\^ :^(om'^<DJ:^ fj:^ma^^j: ^rj:{.>^ 
[0 0 s 0] m^m(Dj:^tj:W'y'iy:^(D^^. mmy'i^ 
:^^xntc^o:>W^y'iy:^y ^ >^a>r;KD^^tiT 

[0 08 1 ] V r 

^[^1] 













1 3.4 


4 . 2 


9.2 




11,6 


4 . 2 


7.3 



[0 08 2] (a 1 ) CD^tfa5ipgt3:S3CD'V> F U^KD 
(g + 2d) tct@b. M^4SP^i&3:-7> FU;KDcCc^^ 
MM^I5il'i«i^:^^cM*4dl53&^^'6/c«6^cfiiWcc{3:2 c 

my'\y:^(omM(^cj:'z>xmimmi)m'^j:^c at^fb. m 

[0 0 8 3] (^1 ) 'C<7)v> FU;l/OgBgte{i 1 1 . 
2CC^L. *I*B:7-wx<Da:^f^ Fiig»3:i 1. AtiCWL 

/cC:fr«. FU;l'CDI^lSteCO^^^:7*u>^T6<5:. 



30 mm<omMm^m.<^^c.tx^r^. m^^i&T^ 

1 . 9mm tB^^^ WSPCD^S ^f)^h^\< 
ttSiiD%. m=fmU2, SmmCCJ^jr^cfc^^C-^^ F 

/ci?)CC^?f^^PcDS$4. 2mm?&5 2. 3mmi7:c0 4 5 

[0084] (^1 ) d^^^^i^lJ-^'UX^^ti-SCi-C. 
40 M^4SPC[):g3*3v> F \y)\^X<0^m(Otm<D-tmL^ V> 

60 

[0 08 5] ±Mz<Dmmm(omntiC;h^^'y tcsi$ij:/u 
<-r'2>c£3&^-c#. mmy'iy:^(o^u^'^-^<o^mc 

50 €>o (^2) Cc«$iJ>''UXC[>«ftl«:i: a? F^u^JRf 



»1 



[0 08 6] 
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^ 1 


^2 




Kt (^cm/mA) 


0.4 6 


0.4 5 


0.4 2 




9.5 


7.1 


0 



[0 08 7] y'i^:^mmofcm^(D2m^ r^i j , 

m^ iUr (^2) Cc^b/Co (^2) :7-U>?. 
[0 0 8 8] ;XCC. ^>'*UXXIif^CD^^:*--^>^=3 

o ^ ^ ^ (D o 

[0 08 9] ;>:cc. :^-y >^m^LfcV(P3.(Dmux^ ' - 
. h xmm^^m o r ^ /ca6 cc r ^ - 

:^--y>^^T*-:7'CDipig2«<S7^-:>'CDifi®^^^ 

[0 09 0] 
[1^6] 

(g + 2d) /2<g2< (g+2d) 
[0 09 1 ] :^-»;>y7^-:/^BA-E»^J*;^-U>:5^^ 

ill] om(Di>co^^^tL\u±(Dm(Dt!- y > yT*-:^*^^ 



10 [ 0 0 9 2 ] ^ 9 «JiiBCD#)^^ffiffi L/c>^ U :; hU:^ 

r3 # - ^ - ^f^BUffllCD ^ U ^ - ^ 

-e-cD^r 2 9{^@^fflUr^o-C. ^^5^4^ ^ h 3 OCD 
#iin>-5>>^ A3 1 *5[piiKfflij-c^^^ 
ACDRfgit^gp^tT^rtflfKc-v'y:^ > h 3 0 7&5gXJ3#t:f 6 

>^3 2:^^*0. ?KX3 2tc»i^i^:7 h 3 3*^1EA@S$ 
nri^-So v'-f h 3 3t*>'N'^>?>t5^3 4^C@S^n/c 

«M^^;U3 5. 3 eccditejgm^nrc^-s. ^'N'^e:;^^ 

20 ^3 4tc«^-df|g«ilEljS*5|lil5ti/cSS3 7;&^g5(0 

WC:fe>ti. H^::^cDrjr2 9;0wyj^ 

<f:vy4'-:; h 3 0 CDP^tCn T 2 9 tC^^-T J: ^ ^CRIS 

:^(D^ia3 8<D^^«iilSB^iaS3 7 (C^BgrS^ 
- C 0 0 9 3 } ^-:$?CDXn y h WXr^rCC^i; ^^Tf^^^y 
30 3 9{i^i^3 8 inr 2 9 icO^^^^Bfi^Cc L/c^ 

[0094] mmmmmitmmn(Dmtifcmx$>'^x. 
m^\tmmmi^:^mtixt.>^tc^ccmMiU9\'0:>mmct 

mji ^<ommx ^ran^^c < mmx^^^ 
[0 09 5] ::ir(tcmmmm^mrj:m(om^&.T(fcm. 

[0096] ?S«CC7j<Si43S/ct^7K^i5®M*4^An. 
50 [0097] ?ScDifflfiR-^?aS:. jl^f^^iiiEJ^cC*^^: 
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mmmMf)^r^^. i o Mm"Ci&M±5 um-c^^sm-c^ 

[0 0 9 8 ] ^/c. ^mm^m^r^mj: < . ^«s^wii 

m<t. mmm&commit. mmm(Dwm^rj:^(D^^^ 20 

c 0 0 9 9 ] c<Dmmm^m\rA<Dj^'?rj:nmi)^^^o 
[0100] mmi^. mmmr^m^r^^^cto 
[0101] M^^'C$>^cor^^im9o:>mX'ffi^^f^ti 

[0102] mmf)mm(^nhti^c t^ 

[0103] ^^is&m<Dmmti'oimv$>^(or^mmmm - 

[0 104] F^-Y:?*u-fe:^T^^^„ 

[0105] mmcomm.nmmmm'ci'^mLtcmtm 30 
[0106] mmjLmm^^(ommit u-nmM-c^ 
[0107] '^>f.^mM^^'ojmr^$>^fc^m<o^^^-> 
[0108] ^-^<Dzir<om^mmf)mm'v$>^fc 

y-^-^mm^cmxL. mmf}imm±r^^ft^LxmMm 40 

[0 10 9] ^/c:^-tS?0:3rCC^ieffi$n^?g|gCC«. 

^'^{br^^i/^ T;^;^;-d^>. W«8;</'7X. 
u>Aj:£^*s^3n^o 50 
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[0110] S^rcD^.«M^iStC<:k^<!:»M?!>5ff^^T* 

^ i :3 r <h O$fe)i^;05BSI|{C ^ # €> . 
[0111] ^9CD^— ^CDJ^O ;^ h UXrJT2 9 1*^^ 

[O112]09«. v'i' >' h 3 a^cp^iiNtcorrtM?!^ 
Tel. •^y^'^^:^!-. n-^:7 U-ACDj:^3^Clf^T\ 
[0 1 1 3] CC-C. ^U(Dm:l^mf^^WL<D^^-1^mt 

[0 1 14] '^-^(Dmm^mM\'r^±x^^^ti^m 

^ >H/Or)^i^S D m U^iK^dC fj: ^ „ 
[0115] 
[1^7] 

Dm= (Di+Do) /2 
[0 116] C<D::i^)U<OW'i^mDmX^l^^Fim^(>C 

[0117] . . - 

V . L m TT - D m 

= D c • ^ t 

= (d c + 2 d) • (fi 
fcfE L/> D c : 

0 : 

[0 1 1 8 ] L/c^ioT. 3WCDll^»#ffiCO^IS0 s 

[0119] 
[|»93 

0 s = 0/ 3 

[0120] ^tj:^„ 

[0121] mmat.. ^j^oh^^-v'-xst-.y^^^^ 

^ -^ffiffi f -2> ^S<7) 6 o ^ &c J: o r it»^<D^ t?« 

[0122] n -r^UCDrt^^J&^^^n^. K U^l^CD 

m^3 6 0gi^;^-5<h 1 8 0e[tB^^^3&>5>o o$ 

[0123] 
[1^1 0] 

b = Lm/2 
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[0 1 2 4] ^tf-r^^i^^n^^i^cDS^Lc^^e*. -7 

[0125] ^i*iJ:7*ux(DfcCCiii-&«. ^y'\^:^Ufc^ 

( L p - L c ) Ofii/cCt. ^i^(D^fWi:*^6^ I < lii^m 
-^^FUJUO^BI^ (Lp-Lc) /cC:fS[< 
%«^$?f^UT. ^^(D:^iHLp;J>5:3-<;l.S$L c 

tc^L'<?:c^^i?. pi^^j^jpiiTo ccDi'jpmi^^mmo) lo 

[0 1 2 6 ] ^$fJ:7-px(Di#^^|5]1t^e:L.T. ^j^O^ 
ipiL p:j&^5:3 -f^Pg^ L c CC^O < ^^jr^^-CPOM^r-r-^) 

4>M*S*r^(D-C. i^^?&5^^-C^€>CD'C. (^4) (DM 

^^tjim^^dCT^o 20 
[0127] 

[1^1 1 ] 

(1) dc^O. 0&mm<Dl&^ 
Lc-3-dc<h<Lc 

(2) 0. 0 5mni<dc^0. 0'7 5 m m«)i©-^ 
Lc — 7 - 'dc<h<Lc^2 • dc 

(3) 0. 07S<*dGgO. ImmiDm^ 
Lc-lO ' dc<h<Lc-4 • dc 

C4) 0. lniin<dc<0. ZmmOm-^ 
Lc — 1 5 • dc<h<Lc — 6 - dc 

[0128] mtf^ \'(Dmmh^±mmm^cLx. 

[ 0 1 2 9 ] v> K lx;KD^#ft ati#,^<Dj^7n^i*?&^ 

i'i^'r^fcisb(Dmm^j:^tfCj:'z>x^^^^(Dx^^a 40 

[0 1 3 0] SI 0JC«. ^:7'uxUifc^::?*-s>^5^ 
=J -Y JK^^SH^TH-To 010 ( a ) «^^0[) 1 1 :^ 

:?!^^®^-c ^ ^ J: ^ (fcmi^^mm o tcmim^mx^ 0 . 
immr'-y^^^9hhtix{.>^o mio (b) «^^cDtB 

OCCitel^r. 40. 4 UiTN^ff^asr^oT. 4 1CDA 

nmmt±m(Dmu^j:^xmm(o±f)^ibiitm.mm.^fj: 

C^CD-C. ®iB=&^l^rAft0SP^^L"CC>€>o 4 2«^ 
tfSP. 4 2 a«Tfflim)»CDWfa5. 4 2 b t*±ffliJ^jS(3D 50 
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¥^fa5. 4 3«<ffl^4a5. 4 3atSTffliJ^/^0«^4a5. 4 
3 b »±»J««CD<SI4gP'C«>€>o ^fgP4 2 «^?tmi5I 

TC^^o TffimiKc0^tfSP4 2 a » 1 jl©^SI<Dlffi?UCC 

j^cC 0 . ^fc±mmm<Dmy^m4 2 b ^ i ^cd^j^ie^j 

CC/cCo-CC^^o ^1 0<DJ:5^^>'*U>;:7 4--^>yr3 
^^^m<DF]f^mcLxmrj::6fc^t^C. ^tfa54 2CD^ 

«t^^'ccD®^^±^lIJ^i^(D^^fa54 2 b <bTfflj^^cD 

^fa54 2 a i ff^W&'T^ C i CC J^j: 0 . ^tfaJ4 2 -Ct* 

[0 1 3 1 ] SI OCC:fel^r. Rm^mcU/cD^COftS 
/ci^t*. 7Nft0a54OC3[>ftS«l 8 

[0 1 3 2 ] SI l«^:7:t-^>^?^nH';^cD^^fa5a) 

mi 1 o<fc ^ D c (Dmmi^^m<t> x 

[0133] 
[^12] 

f 3 =D c • ?5 

[0134 Kommcfj:^, ^:7:t-^>yr3^;KDS^ 

4 2a. 42b o:>±Tm(Dmm(o 

[ 0 1 3 5 ] S 1 2 (3:MMa50^i^t^il^^i^'r-S/ce8!> 

xmm:ufcm^mx$>^. mmp^mmm^A ($/cti 

fciitimmt^^^mi^t'r^) ^mmm^ix$>^t'rti 
t^, m^<Dtfh^^:^^ib^^iyK)m^x<Dmm(Dwm^m7jk 

CDfi^^cO 4 6«^iL*rS« M*4*&<5?)a5^^4 4 <i:<^4*^ 

o2S:<7>t«jscc-oc^r. mmm(o^mmi^nm.m^iy 
[ 0 1 3 6 ] ^/c. s 1 3 kt.mmm<r>mm^^mx^ 

#.««ffl*4Ur35:c^Wfa5'C»S 1 1 c7:)J:^tcS^J 

a5ffliJ<30i^iS©<i: ^ CcS^tJ i ?^d: r l> ^ . 
[ 0 1 3 7 ] S 1 2 O J: ^ tc^MasccS^S: D f^fj:i.>fc^ 
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(a/2) ttj:^. tfc. ^m'^^m^^h->x. im<o 
(m^mxm7Jk) xm<&wi^x. ^mitm&'r^cLiiC 

[0138] my^i^^^cm^mmufc^^ 1 4 iM^4SP^ 

[0139] 

mi 3] 

(f 5/f 4) =cos (a:/2) 

[0140] X$y^^ 

[0141] m:^[^(rcmmmLfcM:^ f 4 ts: f 4 = f 

Xl^^o (i5:l 3) ;{?^6f#6ti^f 5<f 

[0 14 2] (ifel 3) f5<f4(Dmmm(b 

ori^'5i#;^6n-So (IKl 3) 
[0143] • 
[^14] 

f 4 / f 5 = 1 /cos ( a/ 2 ) 30 
[0 14 4] (OJ^'yl^^^^^t. ( f 4/f 5) <Dffl 

[0 14 5] (^1 4) OK^^^l 4tC^-ro (f4 
/f 5) ;&51 cfcO^^l^i. IMtfel^-Ci^C^CiCO^C 

aJlt^^:^^^Ifje^'r^n^^. ( f 4/f 5 ) CDMCD 
^?}OJiCf^l|J[ffl5&5®l^'C^^i#x.6nao SI 4:0^6 
M«4SPP§#fta= 1 2 0®«T^Di#^t* 1< (f4/f 
5) ^2'Cab'5><D-C. ;i^t3:2-C^'5>o 120 

^^m^hm^\t.nm,^^'oxmm^i^^<mti:^^ tc 
L ^ i^t. mms^m # « « = i 3 o m<Dm^<Dmmt 3 4o 
X. mm^m^na-= 1 5 oj^cDi#^<D©i5(ti4T?. m 
m^m<na = 1 e ogc^i^^cD^is^er^^cicc 

^cCSo Mi4gPP3#fta:^M 8 0S©i#«gia:*5jj^Rg:;^ 

fta;&n 8 0@[CctB^-r'S<b#;^'5>£. '^>KU^K7)Pg 
^fta*5i 8 0SOB#«. (f 4/f 5) t*MRg:^<!: i^j: 
-SCO^C. v> F U^t-CDI^^^ 1 8 0mtmm(fC{t^(Ol^ 

^cov> K uMc^M-r^joixi^mmx^fjii.^jt^^x 
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mm:^^i^^<fj:^(OX. y'l^::^j:mX(Dt:>'ri^^rj: 

[0146] mMW(fCi^^^^^> K 

ft a til 2 0Sfe<T-C«^c< 1 2 iStLbJcurii-So 

±^m^fc^^X^^. ^> l^UJVCOm^^SL:^^! 2 0!^ 

1 2 lg«_b'C(i^fS(5CDS$(D^;t^^<®l4a5(DS^ 
^:^< J^j:€>o KU^UCDPi^ftif&U 2 0@[3i?:>6<fc 
Oi^t<rj:^(,COfcibSr>X. mfS!^f)^m<tj:^o K 

uji/CDig<ft^ 1 2 ugtiicc-r^ci-c. e^«2i^ 

^l/^'=e-:>iHFttcoffiti/c>^p :^ h ^;3;r3r>W*^D'^:- 
[0 1 4 7 ] *i$lj>'*UX^e^ffi'r'5C<i:'C. '(ffl*4a5c?:>s 

f)^X^^^ 

[ 0 1 4 8 ] -ecD/cd6CCti. FU;KDgitfft at* 1 

2 1 eji^± 1 7 ojgji^T^c-r^o 

[0 149] MM^I5<5:)Pf1^ftat3:^>'*UX^-r^C.itc 

(Dm^nsi^mmmcDm^p^at^rjiLx. ^mcomit 
<ommc-z>{,>x{t:mmm^^mj£^ ^3^j::05 6t*^i^i8-r 

[0150] n>f;KDP*gMD i i-^> KU^WCD^^fta 

D o <i:ii^i^^|^</>^3j<est)^CC». iS-r-^V F UJl/Pi^^ 
a7&^6MmPCDJlS[n^9id?)'E> (/ci^t^. a = 1 3 0 
^(Dm^. n = 2 . S 1 4 J: ) o ^<D<t ^ =i ib^S 

mmmx(Dzi ^ jmm^ ;kd^s d o i t -2* o 

[0151] 
[!»1 5] 

Do=Di+4-n-Dc 

[0 15 2] ±^<Dm^4!(t^X<Dj^'>(fC^^^^ 

€)• a= 1 3 0S<30i#'^«n= 2 i3^d:S<D'C. (ISl 
5) «Do = D i + 8 • Dctfj:^o 
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[0153] iyfcti^'oX. -ecD^i^Dm^i 

[0154] 

[ai 6] 

Dm=Di+2-n-Dc 
[0 1 5 5 ] <b>^cO. COr>¥i^SDmCD^^iaS$Lm« 
[0156] 
[^17] 

L m= TC ■ Dm 

= 7r*(Dl+2 - n- Dc) 

[0157] iJ^co. imi&<i>u 

[0158] 
[»1 8] 

^ = L m/D c 
[0159] tti^o 

[0 16 0] ^:7'ux:7:t-^ >yr3-r;l/T?cD3fitfgp-C 
<D^.^<Di¥J?fti^^CDMi^j|lD c CD2 f^CD 2 D c 

<^aJ<3[)/l^« 2nDc<t3^j:€»o n=2 CDi#^CD/l 
^{*4D c iJ^jr^Ot?. 2 D c^M^4^7!?W< ^jr^o 

a = 1 5 0Jg-C&i6 D c cb;^j:€>o 
[0161] •7>KU;KDP3#«a<bMMa50|^#fta 
cD^^tc o I ts^ilMm^^ * ;^ J^j: 6 l^fe p^-r o 
[oi6 2]^-r\ ^>\'\y}\^<om^n8i(Dmm^W'y* 

: [ 0 1.6 3 ] /^ 1 5 &C«-7> F U^'KDf^^^^ a &C>Pf-r 

mi^fc^^('cmmatmmm(Dm^tm^tt^o si 5(c 

u;KDI§ ^ ft a J: 0 ^/JN^ 3^<l*4a5cDia# ft a Cc rj: o 

[01641^16 F U;l/<D^#ft a tC^S^-r -SM 

^4a5cD^#ftc7:>^^^-r/cii)tc:. F U^^KDPi^ft a 
*^6ffi*4gP(7)l3#fta^^lC^/cft®^<bS<h<DM<^^^ 

[ 0 1 6 5 ] ^ 1 6 t^ib^^y F UJW^^ft a = 1 2 0 
e[CD»^d^<ffli4a5CDia#fta7&i6-7> FUJKDgg^tfta 
^5K^3^cftS^^fcS7!)i— -r>FU 
;L'©§f1#fta;&5i 2 0 @[<7)i ^ tiM#4ft<Dg^^ft a 5* 1 
2 OSCCifiC^CiCC^^C^o lai 4Cr>M^4a5<DPa#fta<h 

(f 4/f 5) «^4a5<DP§^fta:d5 1 2 

OSi^T(^i#^ti ( f 4/^f 5) ^2-C^^Ci. 
^[5©^#fta7&n 2 Oe[CDB^ti (f 4/f 5) =2r& 
^Cttf^^. <S^eP0D^#fta^-7> FUJl/Ora#fta 
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•7> FUiUOga^ftai^n 2 oe[J:UTr(3: ( f 4/ 
f5) <Ztt^^. v>FUJl/(7>Pa€ffta*^l 2 0S« 
±<7>i#^t* ( f 4/f 5) >2CDMmC)^cC^o (f4/ 
f 5) = 2 it^^ci^&^^^m.^W^feocitc^^. 
o^O. -^^FU-rl/CDia^fta:?;?*! 2 0S©«bC535>iv 
> F U^KD^^ft a 6<®$4^CD^^ ft a ^^ll^/tftS 

[0166] ^ff^t^KMcD^^^SilT'^i^^. SiliJW 

10 t^mmmm^at.. miicD^^uz -zxow^^i^^^^o c 
[0167] mu(DmM'^i)^^x^^m^^mii.xi^ 

-5. :^t*gcDi^SD c i-r-Sxt. Jsr. 017 (a) CD 
±TS.?5^^CDi#^. ±SO^J^CD|^^i</)/2T^TO^J^(D 

^h^yz^uK^. mmcDmmmk^ (dc • <^/^2) i 
ts:^^ mil (b) cD^a^<D*i^'cfe. ajicD^s^^ 

<i>y2x^'^x. mm<Dmmm^t (dc • <t>y2) trj: 

20 60 

[01681^13 ItC^fkTJ: ^ (fCW^rmt 1 ^m^Bf)^ 

^cti^^h. m^^(omimm^m \ 7(a) ±7^*5^^ 

x^^sitx^. mm(Dmmmms z^,^m^mcmst 

• . . 

30 [ 0 1 6 9 ] 

[^19] 

S 2 = S 1 * COS/? 1 

[0170] (omi^t^^^. ^(Dm^^A 1 \x 1 m<om 
m^mrccom:^ s n^. s 1 = < d c • 0 ) 0 . <^ 

mm<omm^^s zu (dc • ^yz) x^^cox. 

s2=(Dc-</>/2)^(IKl9) (fCRXrtliit. 
[0171] 
[S(20] 

40 COS/? 1 = 1X2 

[0172] ii^^^o -r^cCt)-^. |S 1 = 6 omttj::Bo 
m 1 8<D<fc 5CC<^4SP:0^±TOSjl«)litcAj:Si#-^cDffi 
Ma5(DBa^ft«l 2 OS (a = 2 • ^ l:^i^e>> tfji^o 
mi e(fC^P^tifca= 1 2 0KcD!RfSi4^W"r'5<D«i|^ 

[ 0 1 7 3 ] ^ 1 8 «ffli4J6«?>7&«WSP4 7 (Dt^^^-C* 

or. «^40i^t)»:)a5(j_bT^®-c^^MMg{54 8 i-r 

^^^^■#1^4 9 (^SM^tfgPi-r-S) «Mi4a54 8© 
50 ^,^?l:t^Ta:>J:^CCiBgL//cttSS'C*6p -eoiBgi 
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?fa54 9o^«84 9 bccieae^j^^n^o ^i®4 a b 

^i^4 9 b {t. 8 a 3??^^J^4 9 a ^C^tflB^^ n 

„ 5 ^faJ4 7<D#JS4 7 c«Mi4a5<D^Jll 

4 8 c<DfirgCCS)^$tl^<hT^<h. ^^4 8c{^MM 

!S4 8c*5^)^4 9c«:^tfie®$ti^<D«. mmmi 
[0174] mm^(j:>mmim^m^cuia\'S.. ^ (jro 

[0 1. 7 6 ] s 3t3:^tfa5 5 1 CD 1 ?UCD^J^t^?!i<7>;S ^' 

tic^c " .-^^ : 

:[0:r7 7 ] ^ . . vv: .. : • . ^ 

[|g(2 M 

B 4 = s 3 • cos/? 2 ' 30 

[0178] (omm^"^^^. -eo^fspt* 1 n<o^mx 
mx^^ s 3 mumm&iy c <hit^^fe<^;&^6 s s 

= (DC • </>) iUr^Sn^o iS*4a5:?J>5^«<?5>^OSIl 

(Dc • <;>/2) Lt^^tx. mm<D^imm.^4 
«s4= (Dc • </>/2) -c^^n^o L./c*^or. 

[0179] 

[»2 2] 40 
cos>5 2=1/2 

[0180] t^jc-s. tt^f:>%. m^<Dnm,^z\x& i 

i|Hl«CCi3 2 = 6 0gi;^ci:^. ® 1 9<7:)J:^tcMi4g|55 
2:^5«ffl<5^CDS®t^.^tc;^j:^ia^(DMI4a5©^^ft(3: 1 
20S(a = 2 ' ^2tf>h) iJ&r-So COit^fcSl 6 
tC^6n/ca= 1 2 0 SCD!^^tt<D^^t«,®CD— :>CDt^ 

[ 0 1 8 1 ] ^ 1 9 «M§4*&i?)?J?iWa55 1 CDt«/|g-C* 
or, M?.4Oi»*:>0S|5««S-C«>^MMSP5 2^^--^ 

^<DMm5 2«^fa5<fcWtCieSU/c^iS«.^ 50 
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^^-r^j^5 3 (MMWSPi-r-B) «<a*4SB5 2<D^ 

/c<h;2L^^. ^fgPS 1 (OmmS 1 ati<^4gP5 2 a<D{4 
atC^gS^n^xb-r-Si. MM^tfgPS 3CD^J^5 3 a 
tClBgSJ^^n^o o^tc. m=r^b l<D^i^5 1 b« 
M^4a55 2 bcD{4igCC^ti^$n'E><bT'E>i. ^4^tfa5 
5 SCD^SS 3 bCCiegSi^^n'So ^;«5 2b<i:^« 
5 3 b{i, j!^«I5 2 a;0^^«g5 3 aCCJ^TieS^n-S^g 

«g5 2 ct^mwib 3 ccc^tfseg^ti^cDti. ^tfisa 

«i5 4te:3Ftfcc^fieS5n-5o ¥tfa55 lO^iStilel 

[0 1 8 2 ] ■r^C:b^. — jlCDWa5«2jl(DMMa5CC 

tji^^m^m^x^^ 1 iMM^ffBPs 3^s^jKL/c^-c 
a^i-r^i. s 1 9(Dofc^ocAj:^, mmvm.^ts:\.>^^i=f 
as 5 1 co^j^ i MM^tf 5 3 (ommtm^-cmm. u r 

[0183] M^4§I5(^^J^j05^l^;itC)^j:n&i. ($rO 

: [ 0 1 8 4 ] cmmm^ ^ 2.k±mmi<Dm^^mm 
^na<o (1/2) ic^-5.cD^. ±rfm^. ^mwctx 

[0185] _hT«^. mm^<omK^'^^i)K .^^6 

[0 18 6] '^X^C. (f4/f3) = A^tji^LtL^i^ 
(f 4/f 3) =2CD<hc^i(^1S^c. *iIiJ6<jfj:SJir 

(f 4/f 3) =4tCJ^^<®*4a5cDPg^ftQ!= 1 
5 0Sr*^o U/cA^o-C. v> Fu;KOIiit;fta:05 1 
5 0]gja< <D<«i4gP<Dga#:fta*^e>'7> F U;KDI^^ft 

^15. lai 6^<fc<m'2>i, v>KU;KDPi^ft 
a*n5 0Jg. 1 6 OS<D<bC^rt5'^:7(D^3&sg|0 J: 
75j^orc^-SJ:^'C^5-So v> K u;l/CDi^^|^a7:?5 

15 OK, 1 6 0S-C«-7>KU;UcDP^fta:f&:»6<ffli4 

<tji^XK^^o C(7>^0±75^0t3:. a=12 
OgCDffiB^CO<fc^CCli^-C«^cCC^;Oi. [^CKfc^^^cff^^-C 

[0187] M?4ai5<:DP§^ft-cS$ti'&M^4a$(7:)!JTO^ 
LtCOC^Tl^^HJf -So ^?fa5<D^«g«M^4a5rJlttt|BtC 
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33 

mU2'^(D^^l^-y'b 5. 5 6tc^:0:»nr:7:t-^>^ 10 
CO 1 8 8 ] ±iBI^?g^Ccf:^i. :7 :t - 5 > >r>FUcD 

mfm^2miKm(Dm^(icrj:^f)S^ mmm^-^^ ku>^u 

©pa # ft <fc o TSMIS 2 JiK: Aj: o t C ^ 0 

m^^^^wmm^}^ (w-n^) h^^^^v v^<d^^ ^:^ 

.[018 i 9 ] 0 /c:???^ o t: . i^--Hm<D V3 ^h" U T 
[01903^21 {a.) {tmQCD^-^Ozir^mU 30 

tf^RiagPS 7 <LiS§|5RmP5 8cOJ^WCCg:M?&^T'^'S 
[0 1 9 1 ] 02 1 (b) {3:^9<7>-=e-^<D=ir^#i^ 

¥tfgpccta^-r ^ffiH^j^m^ 2 ji-c^ ^ c (h ^^i^ L 
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CDS?!)^'M^i>T^&iic^^Rff^»r®ff^t^gP'C^^CD-C. mm 

j^ocie^-r -2) c <b # ^ . 

[0192] ^/t, r3T<D«*4CC»:®14WT^*-SSUY 
[0193] 

[ ^BjcD^m ] ±MEmmm<o^Em'^^ e hj e> j^j: j: ^ tc. 
So/ccp't?. "^+if^cc*5«,^rRta#^r^(Dii^^f*Bf5 

[ 0 1 9 4 ] ^/c. fi^312^?>' 1 4 ^ClBiJcOfgPJ^C J: 

F u^v^^hm-^m^c ^^^mm(^cx^^::^ 

[0195] $/c. it*:^30ciB*gc7)^Bj^cJ::h{^. ^ 
FU;l/CD'7> K U^mii^miiT-comMft 1 8 OS^cta^ 

[0196] ^/c. ff*314^S:a^ 1 5 tCiBi80^HJtC<fc 

nc*. RMi#:^rnicDii:i^^{*^pco:^$^:g<T^^. 
•^mmm # ^ i i ^ ^ 6 n ^ » 

[ 0 1 9 7 ] ^/c. f«*Jg5S:0' 1 6 ^ciStgo^BJicJ: 

nt^. mK>ii^^mc^^m^iRimLxzfiy:x.'r^ct(^ 
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[0198] ^/c. if5}^Jl6CCiEtg<DjFfeB^CCcfcn5^. 
[0199] S/c. i«5}<JI7iCiBte<D^0^CCj:n53f. R 

-e^^o 20 
[0 20 0] ^/c. ff^^BtciaigcD^p^tCcfcnt^. r 
fSt^(D^i^(D^ifa5 <b m^^(Dmmm^'f)^mrj: /cab 

m u fcixmx::! r cD^i-igtciest- c i^^-t? # -6 i t ^ ^ 
[0 2 0 1 ] ^tc. Mnmm9(,cnm(o^m(^cj:ti{^^ ^ 

[0 20 2 ] ^/c. 1 0 ^ClBtgOl^BatC^tii^. 
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[020 3] ^/c. if ^11 1 1 CClBtgCD^H^^Cjcnti. 
[0 204] ^/c. 1 2 CCiatJcCOfgBJtCcfctll^. 

e>tcjs^*5?iE< x%^<Dxmut, ^TLommi^fh^ < 

' [0 2 0 5 ] ^fcC<Dy^mt. -^f- 

[020 6 ] ^/c. ISjJc:^ 1 3 tCfBtgCD^H^CCcfcnt^. 
zir<DnU(Ot3^^-:::i-Vm^mMX^:h(DX. ^,^<b 

[^®CDfflWj:W?9] 

[^ 1 ] ^mM<Dmmm^ci^vy^mmm^(D^df^v* 

( a ) jEM^ 

( b ) ±Mm 

( c ) i^mmm 

[02] ^sj^ ^ ^'•cD-^v K \^}v<omfm.mmsiwm 

[0 3] 0 lCC^-r^fiI^-Y:7-(D'V> KU>'KD2^1^# 
[04] 2f@(D^SiI^^>'-0-7>FU;l/:gri$fflUfc^J^ 

[06] ^^^B^O^jfet^CCcfc >r K::^U>^XfiO 



(20) 



37 



mil ^^^mcommmt^^^^^i^^^mmufcm 

[010] ^:7'UXU/c^:7=r-$>yr2-r;Ucr)M^0 

(a) ^i*«^0 

( b ) jfmm^m 



[012] mm(Dmm(Dmfj:^(Dmmm 
[013] m^:::i^M^(ommm^m 
mi 4] m^mo:>^^nat (f4/f5> 
[015] v> F ujucDpgff ft a (fcn-r^mm^m^M 

[016] v> K u;l/CD5§^ft a(c?[*-r^ffl#4ax^^ft 

siiff^^^-r0 20 

(a) ±Tm^^^s'rm 

( b ) mm^^^s^m 

[018] MM^P^^_bTS^ODfijlt^^<Di$^H^0 , . 

[019] mmmmm^<Dmm^mo:)mmm - 
[02 0 ] mmmiH ^ ii v<om}^.&m:(Dmwmmm ■ 

[0 2 1 ] C$:|fe|g(DXn ^ h UXr3^;^7j^:r0 i -A. 

( a ) $^^PRm[5(7>fe^:3r^^t:0 ^ ^ : ^' r ' ' 

(b) 'M^i-^51'^:3r^|5(D^^nT^7j^-r0' -'- V' . . 

[02 2] u:^cD#Scr)^j^:^i&-^'r0 ' 

(a ) -\^^1f^^^-r0 * '30 

( b ) mBm^n^-rm 

( c ) ^^:^;^A^^&7J^■r0 

[^^-^cDi^BJ] 

1 •7'>KU;l/ 

2 MM^P 

3 ^— tBO^i^gP 

5 ^HtgcD^mP 

6. 7. 8. 9. 28. 28a. 28b 

1 0 mm(om^\:>^m 40 
1 1 mtc^w^m^ 

1 2 ^J^CD^*^toO^ 

13 mm:t>^<ow^m 

1 4 -r-T^* ({SHSt"-:^*) 
15.16 ^-y^^^^m 
1 7 *S*IJ:^/-r K 

1 8 ^lf(J:^V KCD^t:f-& 

19.20 ma^ K 

2 1 mMW^ F(D!i<>^ 

2 2 3j<>^cr)i£b^ 50 
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2 3 ooas 

25. 25a. 25b. 25c. 25d ^Oii^gP 
24. 26. 26a. 26b. 27. 38 

2 9 zir 

3 0 "V^/;^ -;. h 
3 1 >' A 

3 2 ^H'X 
3 3 ly^-y V 
3 4 v^N':;t:^>^ 
3 5.3 6 
3 7 

3 9 X3i<=^^>M 

4 0.41 f^m^^^ 

4 2. 47. 5 1 

A 2 b. Tmmu<om7^ 
4 2b ±.mmm<omTm 

4 3. 48. 52 

4 3a TfW^^(DMM§l5 

4 3 b ^ ±fflm.^(DMi4^|5 

4 4 ffi*4*62?)fliJ^« 

4 5 fflM^#ftg|5fflim5K 

4 6 m^^cC «3 

4 7a. 47b. 47c. 51a. 51b. 51c. 

4 8 a. 4 8 brv 4:8 c. 5 2 a. 5 2 b . 5 2cr' 



53 C; 



4 9. 5 3rmm^n^ 

4 9a.- 4 9 b .s 4'9 c. 5 3 a . 5 3 b . 

m^m=fu<Dmm 

5 0 wmmi^ " ■ 
5 4 mmmu 

5 5.5 6 i/jv-y 

5 7.5 9 ^^Fim^Hi 

5 8 ^^mm^ 

6 0 i^^i>5^@zjrgp 

a KU^UCDIIi^ft 

d v> F i^ji^<DW-n^m^ 

e ^> F Uil^r^RI 

f ^m(D^^M^ 

f 1 f*-:7'<oS^ 

s mm 

g 1 — :7'(^ilii 

h HAf-Y hOffifH 

D ^^CDe^ 

f2 ^t^iZi^l^PcDiH 

fir 2 >i^T--:7'rH 

Di =i-<Jl/<D|^S 

Do zi^jvcomk 



Dm =3 ^ jVCD^-^U^ 

Lm 

Dc 

d c ri-<;K7)^i*Ml 

<t> 

<t> s StB©^^ 
Lc 

L p ^^(D^ipi 
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f 5 mm^mm 

s 1 1 ?lJ<D«^t«9STOS$ 
s 2 _hTa^CDS®ti 

s 3 1 no^^m^tm-co^m^ 

s 4 «SJ5^CDS@*i 
|81. (32 



*10 



] 



[1^3] 



(a) 



(b) 



O .O 
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F ^ — A C##> 5H002 AA07 AA09 AB05 

5H019 AA04 AAIO CC04 CC07 DD07 
5H603 AAOl M09 BBOl BBIO BB13 
CAOl CA05 CBOl CB22 CB26 
CC02 CC17 CD05 CD21 CD33 
CEOl EEOl FA18 
5H604 AA08 BBOl BB15 BB17 CCOl 
CC05 CC12 DBOl DB19 PBOl 
PB03 

5H615 AAOl BBOl BB14 PPOl PP02 

PP07 PP12 QQ02 QQ06 QQrL9 
QQ27 RROl TT05 TT28 



